Background: Recently, several randomized trials have noted improved outcomes with staged percutaneous coronary intervention (PCI) of nonculprit vessels in patients with ST-segment elevation myocardial infarction (STEMI) and multivessel disease. However, it remains unclear whether diabetes status affects the outcomes after different revascularization strategies. This study thus compared the impact of diabetes status on long-term outcomes after staged complete revascularization with that after culprit-only PCI.
Background
Primary percutaneous coronary intervention (PCI) is currently the standard care for patients with STsegment elevation myocardial infarction (STEMI). Approximately 50% of these patients have multivessel disease and present worse clinical outcomes compared with those having single-vessel disease [1, 2] . Although several previous small-scale randomized controlled trials (RCTs) and registries [3] [4] [5] [6] [7] [8] supported a conservative approach for nonculprit diseases, recent landmark RCTs have improved outcomes with immediate or staged complete revascularization [9] [10] [11] [12] . Accordingly, the latest European Society of Cardiology guideline upgraded the recommendation for nonculprit lesions revascularization during primary PCI or as a staged procedure over culprit-only PCI [13] .
Diabetes is a strong independent predictor of adverse cardiovascular events in patients with coronary artery disease (CAD) [14] [15] [16] [17] [18] . Over recent decades, the prevalence of diabetes mellitus is dramatically increased from 108 million in 1980 to 451 million in 2017 [19, 20] . Generally, diabetic patients are prone to a diffuse and rapidly progressive form of atherosclerosis. This increases the risk of unfavorable clinical outcomes after revascularization [21, 22] . In this setting, diabetes might be an important consideration when choosing a revascularization strategy, i.e., staged complete revascularization or culprit-only PCI in patients with STEMI and multivessel disease.
Nevertheless, the relation between the effect of diabetes and different strategies remains underdetermined. These high-risk patients are generally underrepresented by RCTs, with a small proportion of diabetic patients enrolled [9] [10] [11] [12] . In a study conducted by Hamza et al. [23] , diabetic patients underwent complete revascularization with STEMI and multivessel disease were significantly associated with lower risk of adverse cardiovascular events than that in culpritonly PCI group. However, the limitations of their study were the small sample size and a short followup period of only 6 months. We therefore performed this study to compare the impact of diabetes status on long-term outcomes of patients with STEMI and multivessel disease after staged complete revascularization with that after culprit-only PCI.
Methods

Study design and population
The present report is a single-center, retrospective, observational study. The study design has been previously described [24] . Briefly, a total of 1205 patients with STEMI and multivessel disease who underwent primary PCI within 12 h from symptom onset underwent staged complete revascularization or culprit-only PCI between January 2006 and December 2015 in our center. The local ethical committee approved the study, and the written informed consent was waived because of the retrospective enrollment. In addition, patient records were anonymized and deidentified before database merging and analysis.
Diabetes mellitus was diagnosed based on previous medical records as well as therapeutic status of glucoselowering therapy, i.e., insulin, oral hypoglycemic agents, diet and exercise. Multivessel disease was defined as the presence of ≥ 70% angiographic stenosis in ≥ 1 nonculprit major coronary arteries (with diameter ≥ 2.5 mm). Exclusion criteria were single-vessel disease (n = 1390), left main disease (n = 40), concomitant chronic total occlusion (n = 307), rescue PCI (n = 116), immediate complete revascularization (n = 81), undergoing coronary artery bypass graft surgery (n = 97), receiving medical therapy only (n = 34), or being dead during hospitalization (n = 16).
Study procedures
All patients received loading doses of aspirin (300 mg), clopidogrel (600 mg) or ticagrelor (180 mg) before primary PCI. The culprit vessel was ascertained by evaluation of electrocardiographic changes, echocardiographic and angiographic findings. Primary PCI as well as the use of heparin, thrombus aspiration, and glycoprotein IIb/ IIIa inhibitor were in compliance with the current guidelines and the operators' routine practice [13, 25] . After the procedure, aspirin (100 mg/day) and clopidogrel (75 mg/day) or ticagrelor (180 mg/day) were prescribed at the same time every day. Culprit-only PCI was defined as the treatment of the culprit vessel only at the time of primary PCI without revascularization of nonculprit vessels during the following 30 days after primary PCI. In the staged PCI group, revascularization of significant nonculprit lesions was performed within 30 days after the procedure, which was determined by the physicians
Trial registration This study was not registered in an open access database
Keywords: Diabetes mellitus, Multivessel disease, Culprit-only percutaneous coronary artery intervention, Staged complete revascularization, Outcome and/or patients. Contrast-induced acute kidney injury was defined as an increase in serum creatinine of ≥ 25% compared with baseline values or as an absolute increase in serum creatinine of ≥ 0.5 mg/dL (44.2 mmol/L) within 72 h after PCI [26, 27] .
Follow-up and endpoints
Demographics, cardiovascular risk factors, clinical characteristics, laboratory data, angiographic and procedural details were collected from hospital databases and recorded in a computerized database. Follow-up information was obtained from the review of hospital charts, clinical visits or telephone interviews, which were conducted by trained reviewers. In order to record at least 2-year follow-up information about all patients, we extended the follow-up period to May 31, 2018 .
The primary endpoint was major adverse cardiac and cerebrovascular event (MACCE), defined as a composite of all-cause death, myocardial infarction (MI), stroke, or unplanned revascularization. Secondary outcomes included the individual components of the primary endpoint as well as cardiac death, and the composite of cardiac death, MI or stroke. All deaths were considered to be cardiac-related unless a non-cardiac origin was documented. Diagnosis of MI was made according to fourth universal definition of MI [28] . Stroke was defined as a new focal neurological deficit lasting > 24 h, which was confirmed by neurologists based on both clinical and radiographic criteria [29] . Unplanned revascularization was repeat PCI or coronary artery bypass grafting of any vessels excluding staged PCI. In addition, all the endpoints were verified and adjudicated by an independent clinical events committee (XTS, HL and SZL).
Statistical analysis
Continuous variables were expressed as mean ± standard deviation or median (interquartile range), and were compared using the Student's t test and Mann-Whitney U test according to different distributions. Categorical variables were expressed as number (percentage), and were compared using the Chi-square test or Fisher's exact test. The Kaplan-Meier method was used to plot time-to-event curves, and differences were assessed using log-rank test. To find predictors of clinical events, Cox proportional hazard model analysis was conducted to provide adjusted hazard ratios (HRs) with 95% confidence intervals (CIs). Variables in Table 1 (without laboratory data) with P ≤ 0.1 at the univariate analysis were entered into multivariate Cox regression analysis. In particular, formal interaction testing was performed between diabetes status and revascularization treatment on all clinical outcomes.
To adjust for potential confounders from the real world, a double 1:1 propensity score-matching analysis (staged PCI vs. culprit-only PCI groups) without replacement, on the basis of the nearest neighbor in terms of Mahalanobis distance with a caliper of 0.02, was performed in each subgroup of patients, i.e., nondiabetic and diabetic patients. To estimate the propensity score, a logistic regression model was used including variables of age, gender, current smoking, hypertension, previous MI, previous PCI, peripheral vascular disease, chronic kidney disease, time from symptom onset to PCI, heart rate, access site of PCI, Killip class III/IV, number of diseased vessels, culprit vessel of left anterior descending coronary artery, nonculprit vessel of left anterior descending coronary artery, thrombus aspiration, intra-aortic balloon pump, stent length, use of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers and use of β-blockers. In addition, to assess the robustness of the results, long-term outcomes of patients undergoing staged PCI within 10 days were compared with those in culprit-only PCI group not undergoing revascularization of nonculprit vessels during the following 10 days after primary PCI in both nondiabetic and diabetic population.
Statistical analyses were conducted using SPSS 23.0 (SPSS Inc., Chicago, Illinois, USA) and STATA 12.0 (StataCorp, College Station, Texas, USA). A two-sided P value of < 0.05 was considered to indicate statistical significance.
Results
Baseline patient, angiographic and procedural characteristics
Among the 1205 patients with STEMI and multivessel disease who received staged complete revascularization (n = 576) or culprit-only PCI (n = 629), 371 (30.8%) had diabetes mellitus, of which 164 (44.2%) received staged PCI and 207 (55.8%) underwent culprit-only PCI. Among the remaining 834 nondiabetic patients, 412 (49.4%) received staged PCI and 422 (50.6%) underwent culpritonly PCI. Staged PCI was performed after a median time of 6 days in both nondiabetic and diabetic cohorts. The staged procedures were performed within 10 days after primary PCI in 89.0% (n = 146) of the diabetic patients and 90.3% (n = 372) of the nondiabetic patients. The mean follow-up period was 5.01 years.
Compared with nondiabetic patients, diabetic patients were less likely to be male (P = 0.031) and current smokers (P = 0.032) and to receive thrombus aspiration (P = 0.021), but were more likely to receive β-blockers (P = 0.006) with longer time from symptom to intervention (P = 0.009) ( Table 1) . In diabetic patients, those who underwent staged PCI were more likely to be male (P = 0.006), had less culprit vessels of left anterior descending coronary artery (P = 0.003), and were less frequently to receive transradial PCI (P < 0.001) and defibrillator (P = 0.016) than those who received culpritonly PCI. In nondiabetic patients, those who underwent staged PCI were younger (P = 0.001), had lower prevalence rates of chronic kidney disease (P = 0.013) and Killip class III/IV (P = 0.010), had more three-vessel disease (P < 0.001), nonculprit vessels of left anterior descending coronary artery (P = 0.003), were more frequently to use intra-aortic balloon pump (P = 0.006), angiotensin converting enzyme inhibitor/angiotensin receptor blocker (P < 0.001) during hospitalization, and less likely to receive transradial PCI (P < 0.001) and temporary pacemaker (P = 0.027). Besides, patients who underwent staged PCI had lower heart rates (P = 0.010), shorter time from symptom to intervention (P = 0.004), and shorter total stent length (P = 0.010) than those who underwent culprit-only PCI ( Table 2) .
Comparison of 5-year outcomes between diabetic and nondiabetic patients
Clinical outcomes according to diabetes status are shown in Table 3 and Fig. 1 . The 5-year incidences of MACCE (34.5% vs. 33.7%; HR 1.075, 95% CI 0.872 to 1.325) and a composite of cardiac death, MI or stroke (12.4% vs. 13.3%; HR 0.976, 95% CI 0.692 to 1.377) were similar in diabetic patients and nondiabetic patients. In addition, the risks of all-cause death, cardiac death, MI, stroke, and unplanned revascularization were not significantly different between those two groups. After adjusting potential confounders, diabetes was not independently associated with the primary endpoint of MACCE (Adjusted HR 1.012, 95% CI 0.815 to 1.255), and the composite of cardiac death, MI or stroke (Adjusted HR 0.869, 95% CI 0.608 to 1.242) at 5 years. Notably, the strategy of culprit-only PCI (P = 0.010), previous stroke (P = 0.012), chronic kidney disease (P = 0.016), and high systolic blood pressure (P = 0.021) were independently associated with the higher incidence of MACCE at 5 years (Table 4) . (Table 5 and Fig. 2 ). No significant difference was found between the two revascularization strategies with respect to allcause mortality, cardiac mortality, and stroke. After the potential confounders were adjusted, staged PCI was associated with a decrease in the risk of the primary endpoint of MACCE (Adjusted HR 0.638, 95% CI 0.500 to 0.816), MI (Adjusted HR 0.358, 95% CI 0.200 to 0.641), unplanned revascularization (Adjusted HR 0.532, 95% CI 0.393 to 0.720), and the composite of cardiac death, MI or stroke (Adjusted HR 0.621, 95% CI 0.419 to 0.921) in nondiabetic patients.
Comparison of 5-year outcomes between staged complete revascularization and culprit-only PCI
In diabetic patients, the incidences of the primary endpoint of MACCE (37.8% vs. 31.9%; HR 0.939, 95% CI 0.662 to 1.331) and the secondary outcomes were comparable between the two revascularization therapies (Table 5 and Fig. 3 ). After the potential confounders were adjusted, staged PCI was not independently associated with MACCE (Adjusted HR 0.986, 95% CI 0.683 to 1.422) and the secondary endpoints of the composite of cardiac death, MI or stroke (Adjusted HR 1.593, 95% CI 0.846 to 3.000), all-cause death (Adjusted HR 0.876, 95% CI 0.404 to 1.898), cardiac death (Adjusted HR 0.840, 95% CI 0.304 to 2.316), MI (Adjusted HR 1.599, 95% CI 0.663 to 3.858), stroke (Adjusted HR 0.857, 95% CI 0.248 to 2.964) and unplanned revascularization (Adjusted HR 1.038, 95% CI 0.672 to 1.605) at 5 years.
By formal interaction testing, significant interactions were found between diabetes status and revascularization assignment for the composite of cardiac death, MI or stroke (P interaction = 0.013), MI (P interaction = 0.005), and unplanned revascularization (P interaction = 0.013) at 5 years. In addition, the interaction tended to be significant for the primary endpoint of MACCE (P interaction = 0.053). However, there were no significant interactions between diabetes status and treatment for all-cause mortality, cardiac mortality and stroke (Table 5) .
Propensity score-matching analysis
After propensity score-matching, 127 matched pairs for diabetic patients with STEMI and multivessel disease and 280 matched pairs for nondiabetic patients with STEMI and multivessel disease were generated. All the matched variables were well balanced for both diabetic and nondiabetic cohorts, with postmatching absolute standardized differences < 10% (Additional file 1: Figure S1 ). No significant differences for main baseline patient, angiographic and procedural characteristics were present between the staged PCI and culprit-only PCI groups in both diabetic and nondiabetic cohorts (Additional file 1: Table S1 ).
Diabetic patients undergoing staged PCI were less likely to receive defibrillator compared with those in culpritonly group (P = 0.010). In nondiabetic population, compared with those in culprit-only group, patients in the staged PCI group were less likely to receive temporary pacemaker (P = 0.020) and associated with higher risk of acute kidney injury after PCI (P = 0.049). Among nondiabetic patients, patients undergoing staged PCI were associated with lower risks of MACCE (HR 0.583, 95% CI 0.432 to 0.787), MI (HR 0.275, 95% CI 0.134 to 0.563), unplanned revascularization (HR 0.546, 95% CI 0.380 to 0.783), and the composite of cardiac death, MI or stroke (HR 0.498, 95% CI 0.311 to 0.798) compared with those undergoing culprit-only PCI (Additional file 1: Table S2 and Figure S2A ). In diabetic patients, the risks of the primary endpoint of MACCE (HR 1.271, 95% CI 0.820 to 1.971) and all the secondary outcomes were comparable between the two strategies Figure S2B ). Furthermore, there were significant interactions between diabetes status and revascularization assignment for MACCE (P interaction = 0.004), MI (P interaction = 0.004), unplanned revascularization (P interaction = 0.005), and the composite of cardiac death, MI or stroke (P interaction = 0.007).
Sensitivity analysis
Sensitivity analysis comparing patients undergoing staged complete revascularization within 10 days after primary PCI versus those undergoing culprit-only PCI was concordant with the overall analysis in both diabetic and nondiabetic population. However, diabetic patients Tables S3,  S4 and Figure S3 ).
Discussion
During the 10-year study, diabetes was present in 30.8% of the patients with STEMI and multivessel disease who underwent primary PCI in our center. Multivariate analysis showed that diabetes mellitus was not independently associated with the primary endpoint of MACCE or the secondary outcomes at 5 years. Compared with culprit-only PCI, staged complete revascularization was associated with lower risks of MACCE, MI, unplanned revascularization and the composite of cardiac death, MI or stroke in nondiabetic patients. However, no significant difference was found between the two revascularization strategies in terms of all the outcomes in diabetic patients. Besides, significant interactions between diabetes status and treatment for MI, unplanned revascularization and the composite of cardiac death, MI or stroke at 5 years were found. Furthermore, these findings were demonstrated by propensity score-matching analysis.
Patients with STEMI and multivessel disease were associated with worse outcomes than those with single-vessel disease [1, 2] . However, the management of nonculprit lesions has been fiercely debated for two decades until the recent publication of the landmark RCTs [9] [10] [11] [12] . The Preventative Angioplasty in Myocardial Infarction trial showed that preventive PCI of nonculprit lesions significantly reduced the risk of a composite endpoint of cardiac death, MI, and refractory angina at 23 months [9] . The Complete Versus culprit-Lesion only PRimary PCI trial indicated that patients who received in-hospital complete revascularization had lower composite risk of all-cause death, recurrent MI, heart failure, and ischemia-driven revascularization at 1 year [10] . In addition, the Third DANish Study of Optimal Acute Treatment of Patients with STEMI-PRImary PCI in MULTIvessel Disease and the Compare-Acute trials indicated significant benefit of immediate or complete revascularization regarding adverse cardiac events compared with culprit-only PCI [11, 12] . Furthermore, the studies conducted by Cui et al. and Toyota et al. with 5-year information confirmed and extended the results of previous studies with short-or medium-term follow-up period [24, 30] .
Diabetes mellitus is both an important risk factor for the development of CAD [20, 31] and a major determinant of poor clinical outcomes in patients with CAD [14] [15] [16] [17] [18] . Patients with diabetes mellitus often have a high incidence of complex disease with smaller vessel size, longer lesion length, and higher plaque burden [32] . The Improving Care for Cardiovascular Disease in ChinaAcute Coronary Syndrome Project which included 63,450 patients from 150 tertiary hospitals revealed that the prevalence of diabetes/possible diabetes was 36.8% in STEMI patients, which was a little higher than the finding of our study. In addition, diabetic/possible diabetic patients had 2.4-fold increased risk of in-hospital mortality and a twofold increased risk of a combination of cardiac death, recurrent MI, stent thrombosis or stroke compared with nondiabetic patients [14] . Jung et al. [15] reported that people with diabetes had a two-to sixfold higher risk of major adverse cardiac events than people without diabetes in South Korea. A report from Spain showed that patients with MI and diabetes had a significantly 15% higher in-hospital mortality than nondiabetic patients [16] . A systematic review and meta-analysis with a total of 1,225,174 patients revealed an increased risk of early mortality (odds ratio 1.66, 95% CI 1.59 to 1.74) and 6-12-month mortality (odds ratio 1.86, 95% CI 1.75 to 1.97) in diabetic patients with acute coronary syndrome [17] . Besides, Klempfner et al. [18] enrolled 11, 472 patients with acute coronary syndrome found that diabetes was independently associated with a significantly increased mortality risk (39%) at 1 year compared with nondiabetic patients. Moreover, the incidence of ischemic events was consistently higher in diabetic patients after PCI or coronary artery bypass graft surgery [21, 22] . The latest guideline has classified STEMI patients with diabetes as a special population and presented specific sections for the management of these patients in consideration of their extremely high risk [13] . Therefore, diabetes status might be a major factor in the choice of revascularization strategy in patients with STEMI and multivessel disease.
Unfortunately, it remains undetermined whether diabetes has an effect on the outcomes of these patients who received staged complete revascularization or culpritonly PCI. Only a small number of patients with diabetes were included in previous RCTs and this high-risk group of patients were underrepresented [9] [10] [11] [12] . Hamza et al. enrolled 100 diabetic patients with STMEI and multivessel disease to randomly receive staged complete revascularization (n = 50) or culprit-only PCI (n = 50). After 6-month follow-up, they found that staged complete revascularization was significantly associated with a reduction in major adverse cardiac events (6% vs. 24%, P = 0.01), primarily due to reduction in ischemia-driven revascularization in the complete PCI group (2% vs. 12%; P = 0.047). However, their sample size was relatively small and the follow-up period was relatively short [23] . Therefore, it is necessary to determine whether the effect of diabetes on clinical outcomes differs according to different revascularization strategies.
In this study, STEMI patients with and without diabetes mellitus showed similar risks of ischemic events. Furthermore, diabetes was not a predictor of the primary endpoint of MACCE or the secondary outcomes at 5 years in multivariate analysis, while the strategy of culprit-only PCI was an independent predictor of the less favorable outcomes in these patients. Patients with STEMI and multivessel disease was a higher-risk population in STEMI patients, thus the impact of revascularization strategy on prognosis is more important than the impact of diabetes status on prognosis in our study. Although with increased risk of perioperative events, early revascularization of nonculprit lesions can reduce ischemic burden, stabilize vulnerable plaque, and reduce the long-term incidence of ischemic events [33] . Nonetheless, the comparable results between the diabetic and nondiabetic groups here could be partially explained, since data on the length of illness and details of antidiabetic therapy was not available in our study, which might have an effect on prognosis in diabetic patients. Actually, inappropriate antidiabetic therapy can significantly increase the risk of mortality [34] .
The most important finding of the present study might be that the interactions between diabetes status and revascularization assignment tended to be significant for the outcomes of MACCE, MI, unplanned revascularization, and the composite of cardiac death, MI or stroke at 5 years, which were confirmed by propensity score-matching analysis. In nondiabetic patients, the 5-year risks of MACCE, MI, unplanned revascularization, and the composite of cardiac death, MI or stroke were significantly lower in staged PCI group than those in culprit-only PCI group, whereas the incidences of all the outcomes were similar between the two revascularization strategies in diabetic patients. In other words, the strategy of staged complete revascularization lost its advantage in patients with diabetes and multivessel disease, which was contrary to the results of study conducted by Hamza et al. In clinical scenarios, the diffuse and rapidly progressive forms of CAD in diabetic patients may lead to more stent implantation characterized by longer length and smaller diameter, which is associated with worse outcomes. Although the new-generation drug-eluting stent has been widely used in clinical practice, the morbidity and mortality are still high in diabetic patients undergoing PCI and diabetes mellitus remains a risk factor for restenosis and stent thrombosis [32, 35] . Considering the staged PCI of nonculprit vessels brings no additional benefits to diabetic patients with multivessel disease as compared with culprit-only PCI, it becomes even more important to choose an optimal hypoglycemic regimen in this population. Recently, several studies have found that the new antidiabetic drugs, i.e., sodium-glucose cotransporter 2 inhibitors and glucagon-like peptide 1 agonists can lower blood glucose levels and mortality risks [36] [37] [38] [39] . Henceforward, these new types of drugs should be given a full consideration in the treatment of diabetic patients with STEMI and multivessel disease.
Limitations
There are several limitations of our study. First, as a single-center, nonrandomized study, our research is limited by unbalanced baseline characteristics and selection bias. Although we performed rigorous multivariable-adjusted analysis and propensity score-matching analysis, there might still be some unmeasured confounders. Second, our results were mainly derived from subgroup analysis of a cohort study, thus we might have inadequate statistical power to detect differences in clinical events in diabetic patients and the results should be interpreted as hypothesis generating. Moreover, the number of subjects with diabetes was modest (371), and possibly not all confounders were identified. Therefore, further larger-scale investigation in dedicated trials of diabetic patients is warranted. Third, the data on length of illness and details of antidiabetic therapy were not collected in the study. Finally, the significance of nonculprit lesions was routinely assessed on angiography other than ischemia testing, for example, fractional flow reserve or noninvasive physiological stress test for most patients.
Conclusions
In patients with STEMI and multivessel disease, diabetes mellitus is not an independent predictor of adverse cardiovascular events at 5 years. In nondiabetic patients, an approach of staged complete revascularization is superior to culprit-only PCI, whereas the advantage of staged PCI is attenuated in diabetic patients. Further studies are needed to evaluate the prognostic impact of diabetes on outcomes in patients with STEMI and multivessel disease requiring revascularization procedures.
